###### What are the key new findings of this study?

-   Musculoskeletal injuries are an important cause of morbidity and financial cost among US Air Force Special Operations Command (AFSOC) Special Tactics (ST) Operators.

-   A significant proportion of these injuries were identified as being potentially preventable by an injury prevention training programme.

-   Musculoskeletal injuries among AFSOC ST Operators most frequently affected the shoulder and lumbopelvic spine, and the most common activity resulting in injuries was physical training.

-   Common injury types were pain/spasm/ache, sprain, strain and tendonitis/tenosynovitis/tendinopathy.

###### How might this study impact clinical practice in the future?

-   Finding from this research study suggest that prevention of injuries to the shoulder and lumbopelvic spine needs continued attention.

-   Continued focus on the utilisation of proper lifting and training techniques in this population may reduce lifting-associated injury risk during physical training as well as during job-relevant tasks, by improving ergonomics.

-   There is a need to develop a customised injury prevention programme to reduce the burden and cost of musculoskeletal injuries in this population.

Introduction {#s1}
============

Military personnel participate in physical activity to improve physical fitness. Musculoskeletal injuries (MSI) are an unfortunate consequence of physical activity, including military training[@R1] and sports.[@R3] MSI are an important concern in military populations,[@R5] including Special Operations Forces,[@R8] and can result in pain and morbidity,[@R11] healthcare utilisation,[@R6] loss of tactical readiness,[@R5] disability,[@R13] financial cost[@R14] and attrition from the military.[@R17]

The Air Force Special Operations Command (AFSOC) is the Air Force component of the US Special Operations Command. AFSOC Special Tactics (ST) Operators are a distinct group of Operators who maintain a high level of tactical readiness for their unique mission set, which includes airfield/environmental reconnaissance and personnel recovery.[@R18] The elite AFSOC ST Operators are exposed to unique occupational demands, which include jumping from aircraft (static line, water/land), deploying into hostile territory to secure assault and landing zones, and defending and saving injured personnel in any environment. These occupational demands place AFSOC ST Operators at high risk for sustaining MSI. Previous studies have described MSI among Air Force basic military trainees.[@R19] MSI frequency was high but varied (injury visits incidence of 615.6 and 1067/1000 male and female cadets, respectively,[@R20] and injury rates of 27.8 and 63.0/1000 person-weeks, among men and women recruits, respectively).[@R21]

To the best of our knowledge, no previous studies have described the burden of MSI among AFSOC ST Operators. It is important to understand the frequency and pattern of MSI in elite AFSOC ST Operators who have unique occupational demands that expose them to the risk of MSI that are different from other military and Special Operations personnel. Also, very few studies among military populations have analysed the financial cost of MSI. The purpose of this study was to describe MSI and the associated financial cost among a sample of AFSOC ST Operators.

Methods {#s2}
=======

Study participants {#s2-1}
------------------

This epidemiology study was conducted as a part of a comprehensive injury prevention and performance optimisation study at the US Air Force 24th Special Operations Wing, Hurlburt Field, Florida, USA. AFSOC ST Operators between the ages of 18 and 55 years, with no medical or musculoskeletal conditions that prevented active duty status, were invited to participate in the study. Medical record reviewed MSI data were available for 130 male Operators. Study participants provided written informed consent prior to participation.

Medical record review and operational definition of MSI {#s2-2}
-------------------------------------------------------

Trained certified athletic trainers reviewed medical records contained in the Armed Forces Health Longitudinal Technology Application (AHLTA) during the years 2014--2015. Data about MSI were extracted.

An MSI was defined as an injury to the musculoskeletal system (bones, ligaments, muscles, tendons, etc) for which medical care was sought and was recorded in the participant's record in AHLTA. Preventable MSI were defined as those that could be potentially prevented through injury prevention training programmes designed to improve neuromuscular, musculoskeletal and physiological characteristics related to the risk of MSI. This definition was consistent with the operational definition for MSI used by our group in previous research among US Special Forces populations.[@R8]

Data analysis {#s2-3}
-------------

Data analysis included a description of MSI that occurred during a period of 1 year prior to the date of medical record review. MSI attributes included in the description were frequency and incidence, anatomic location and sublocation, cause, activity when MSI occurred and type. Potentially preventable MSI, which were a subset of all MSI, were described separately. MSI frequency was defined as the number of MSI/100 Operators/year, and MSI incidence was defined as the number of injured Operators/100 Operators/year. Statistical analysis consisted of calculation of relative frequency (percent) of MSI in each category.

Cost of MSI {#s2-4}
-----------

Lifetime cost (sum of medical and work loss cost) of each MSI was estimated using the National Center for Injury Prevention and Control Web-based Injury Statistics Query and Reporting System Cost of Injury Reports.[@R22] Cost estimates were expressed in year 2013 prices, which was the latest index year available in the query system. Since the cost of goods and services are expected to increase each year due to inflation, the Bureau of Labour Statistics Consumer Price Index Inflation Calculator[@R23] was used to calculate the cost of MSI if they were to occur in the current year (2018).

Results {#s3}
=======

Medical record review was conducted for 130 Operators (age: 29.1±5.2 years). A total of 110 MSI were recorded during a 1-year period, of which 46 (41.8%) were preventable MSI. Of the 130 Operators, 34 Operators (26.2%) had one MSI, 16 Operators (12.3%) had two, 12 (9.2%) had three and two (1.5%) had four MSI in their medical records during a 1-year period. The remaining 66 Operators (50.8%) had no MSI in their medical records during a 1-year period. When data were limited to preventable MSI, 26 Operators (20.0%) had one preventable MSI, two Operators (1.5%) had two, four (3.1%) had three and one (0.8%) had four preventable MSI in their medical records during a 1-year period. The remaining 97 Operators (74.6%) had no preventable MSI in their medical records during a 1-year period.

MSI frequency was 84.6 MSI/100 Operators/year, and the incidence was 49.2 injured Operators/100 Operators/year. When preventable MSI were considered, the frequency was 35.4 MSI/100 Operators/year, and the incidence was 25.4 injured Operators/100 Operators/year.

[Figure 1](#F1){ref-type="fig"} includes a description of anatomic location of MSI. The most frequent anatomic location was the lower extremity (40.9% of MSI), followed by the spine (34.5%). The most frequent locations for preventable MSI also were the lower extremity and the spine (each 37.0%).

![Anatomic location of medical record reviewed musculoskeletal injuries among 130 US Air Force Special Operations Command Special Tactics Operators (during a 1-year period).](bmjsem-2018-000471f01){#F1}

Anatomic sublocations of MSI are described in [table 1](#T1){ref-type="table"}. Frequent anatomic sublocations were the shoulder (20.9%) and lumbopelvic spine (15.5%). Preventable MSI frequently affected the shoulder and the thoracic spine (each 21.7%).

###### 

Anatomic sublocation of medical record reviewed musculoskeletal injuries among 130 US Air Force Special Operations Command Special Tactics Operators (during a 1-year period)

  Injury anatomic location   Injury anatomic sublocation   All injuries (%)   Preventable injuries (%)
  -------------------------- ----------------------------- ------------------ --------------------------
  Lower extremity            Hip                           7 (6.4)            2 (4.3)
  Knee                       16 (14.5)                     7 (15.2)           
  Ankle                      12 (10.9)                     5 (10.9)           
  Lower leg                  2 (1.8)                       1 (2.2)            
  Foot and toes              7 (6.4)                       2 (4.3)            
  Unknown                    1 (0.9)                       0 (0.0)            
  Upper extremity            Shoulder                      23 (20.9)          10 (21.7)
  Elbow                      1 (0.9)                       1 (2.2)            
  Spine                      Cervical                      8 (7.3)            1 (2.2)
  Thoracic                   13 (11.8)                     10 (21.7)          
  Lumbo-pelvic               17 (15.5)                     6 (13.0)           
  Torso                      Abdomen                       1 (0.9)            1 (2.2)
  Chest                      2 (1.8)                       0 (0.0)            
  **Total**                  **110**                       **46**             

As seen in [table 2](#T2){ref-type="table"}, lifting was the most common cause of MSI (21.8%), followed by direct trauma and landing (each 8.2%). Medical records did not contain information about the cause of a large percent (31.8%) of MSI. The most common causes of preventable MSI were lifting (47.8%) and ruck marching (13.0%). The majority of lifting-associated MSI (all: 91.7%, preventable: 90.9%) occurred during weight lifting as a part of physical training (PT).

###### 

Cause of medical record reviewed musculoskeletal injuries among 130 US Air Force Special Operations Command Special Tactics Operators (during a 1-year period)

  Cause of injury             All injuries (%)   Preventable injuries (%)
  --------------------------- ------------------ --------------------------
  Crushing                    1 (0.9)            0 (0.0)
  Direct trauma               9 (8.2)            0 (0.0)
  Fall---same level           2 (1.8)            0 (0.0)
  Fall---stairs or ladder     1 (0.9)            0 (0.0)
  Landing                     9 (8.2)            2 (4.3)
  Lifting                     24 (21.8)          22 (47.8)
  Planting                    1 (0.9)            0 (0.0)
  Pulling                     2 (1.8)            1 (2.2)
  Ruck marching               6 (5.5)            6 (13.0)
  Running                     3 (2.7)            3 (6.5)
  Twist/turn/slip (no fall)   3 (2.7)            1 (2.2)
  Other                       14 (12.7)          8 (17.4)
  Unknown                     35 (31.8)          3 (6.5)
  **Total**                   **110**            **46**

[Table 3](#T3){ref-type="table"} lists the activities Operators were participating in when MSI occurred. The most common activity resulting in MSI was PT (38.2%), followed by tactical training (17.3%). Data about activity was missing for a large percent (24.5%) of MSI. Similarly, PT was the most common activity (65.2%), followed by tactical training (TT, 13.0%) for preventable MSI.

###### 

Activity when musculoskeletal injury occurred among 130 US Air Force Special Operations Command Special Tactics Operators (during a 1-year period)

  Activity                       All injuries (%)   Preventable injuries (%)
  ------------------------------ ------------------ --------------------------
  Physical training              42 (38.2)          30 (65.2)
  Tactical training              19 (17.3)          6 (13.0)
  Recreational activity/sports   9 (8.2)            3 (6.5)
  Combat                         5 (4.5)            2 (4.3)
  Occupational tasks             1 (0.9)            1 (2.2)
  Other                          7 (6.4)            4 (8.7)
  Unknown                        27 (24.5)          0 (0.0)
  **Total**                      **110**            **46**

MSI types are listed in [table 4](#T4){ref-type="table"}. A large percent (44.5%) of MSI were diagnosed as pain/spasm/ache in the medical records, without further elucidation of pathology. Less common MSI were sprain, strain and tendonitis/tenosynovitis/tendinopathy (each 11.8%). Among preventable MSI, the most frequent type also was pain/spasm/ache (39.1%), followed by tendonitis /tenosynovitis/tendinopathy (21.7%).

###### 

Type of musculoskeletal injuries among 130 US Air Force Special Operations Command Special Tactics Operators (during a 1-year period)

  Injury type                              All injuries (%)   Preventable injuries (%)
  ---------------------------------------- ------------------ --------------------------
  Chondromalacia/ patellofemoral pain      1 (0.9)            1 (2.2)
  Disc injury                              2 (1.8)            0 (0.0)
  Fracture                                 3 (2.7)            0 (0.0)
  Impingement                              6 (5.5)            1 (2.2)
  Labral tear                              2 (1.8)            1 (2.2)
  Lateral epicondylitis                    1 (0.9)            1 (2.2)
  Meniscal                                 1 (0.9)            1 (2.2)
  Nerve                                    1 (0.9)            0 (0.0)
  Pain/spasm/ache                          49 (44.5)          18 (39.1)
  Plantar fasciitis                        2 (1.8)            2 (4.3)
  Shin splints                             1 (0.9)            0 (0.0)
  Sprain                                   13 (11.8)          3 (6.5)
  Strain                                   13 (11.8)          8 (17.4)
  Tendonitis/tenosynovitis/ tendinopathy   13 (11.8)          10 (21.7)
  Other                                    1 (0.9)            0 (0.0)
  Unknown                                  1 (0.9)            0 (0.0)
  **Total**                                **110**            **46**

The total lifetime cost of these MSI among 130 active duty AFSOC ST Operators during a 1-year period, which included medical costs and work loss costs combined, was estimated to be approximately US\$1.2 million in 2018. Of this, the total lifetime cost of preventable MSI was around US\$440 000.

Discussion {#s4}
==========

The purpose of this analysis was to describe MSI and the associated financial cost in a sample of 130 AFSOC ST Operators.

MSI incidence {#s4-1}
-------------

The 1-year cumulative incidence of MSI was 49.2 injured Operators/100 Operators/year, and MSI frequency was 84.6 MSI/100 Operators per year. No previous studies have described the epidemiology of MSI among AFSOC ST Operators, but studies have described injury rates among Air Force active duty personnel[@R6] and trainees.[@R19] In general, the rate of injuries reported among Air Force trainees was higher than that reported in the current study among Operators and in other studies among active duty Air Force personnel.[@R6] Billings *et al* described the injury burden among US Air Force cadets, reporting the frequency of all injury visits was approximately 103/week/1000 male cadets.[@R20] This frequency was much higher than that estimated in the current study (about 16/week/1000 Operators). Similarly, Snedecor *et al* reported a higher injury rate in male US Air Force recruits than that in the current study (27.8/1000 person-weeks vs 16/week/1000 Operators).[@R21] Previous studies among military trainees have reported very high frequency of injuries during Army Basic Training,[@R25] Marine Corps boot camp[@R26] and in Navy recruits.[@R27] Military trainees undergo intense physical conditioning during a relatively short period of time, resulting in high rates of injuries. In contrast, Nye *et al* described a much lower rate of injuries among Air Force basic military trainees (15.1 injuries/1000 person-weeks among male cadets).[@R19] The data for the study by Nye *et al* was collected in 2012--2014, while data for the Billing *et al* and Snedecor *et al* studies were collected in 2002 and 1994--1995, respectively. Nye *et al* cautiously explained that this reduced rate of injuries may reflect a true decline of injury rates among Air Force basic trainees in the USA.

Eaton *et al* reviewed non-battle injuries during deployment among active duty Air Force personnel[@R24] and reported an incidence of 97.49/1000 person-years,[@R24] which was lower than the injury rate reported in the current study. Jones *et al* reported an injury rate of approximately 1500/1000 person-years among non-deployed active duty Air Force personnel during the period 2000--2006,[@R6] which is higher than that reported in the current study. The differences in injury incidence reported across studies may have occurred due to differences in the study populations and occupational demands (AFSOC ST Operators compared with all Air Force personnel), incompleteness of MSI data during deployment, differing sources of MSI data (various databases, medical data collected on-site during deployment) and differing access to healthcare in the operational unit's compound. A larger sample of ST Operators with collection of data over longer periods of time could provide better understanding of the reasons for these differences.

Few epidemiology studies in military populations have included an analysis of potentially preventable MSI. In the current study, potentially preventable MSI accounted for a considerable percent (42%) of MSI. Analyses conducted previously by our group have revealed that a large proportion of MSI among Special Forces personnel are potentially preventable (Naval Special Warfare (NSW) Operators and students --- 40% of MSI[@R8] and US Army Special Operations Command (USASOC) Operators --- 77%).[@R10] There is a need to develop a customised injury prevention programme to mitigate the risk of MSI in these populations.

Anatomic location of MSI {#s4-2}
------------------------

The most frequent anatomic location for MSI in the current study was the lower extremity (41%). The lower extremity was reported as the most frequent location of MSI among US Air Force trainees.[@R19] Previous studies have not described the anatomic location of MSI among AFSOC ST Operators, and studies in other populations have often utilised different methods for classification of anatomic locations. The lower extremity has been reported to be the most common location for MSI among other Special Operations Forces (NSW Sea, Air and Land (SEAL) Qualification Training (SQT) students: 65% to \>75%[@R8]; Special Warfare Combatant-craft Crewman (SWCC) Operators: 37%[@R8]; Crewman Qualification Training (CQT) students: 64%[@R8]; Marines Corps Special Operations Company: 46%[@R29] and USASOC Operators: 50%.[@R10] The shoulder was the most commonly injured sublocation (21% of MSI) in the current study. This finding agrees with previous research in USASOC Operators, where the shoulder and knee were the most common sublocation for MSI (each 23% of injuries)[@R10] and among NSW SEAL Operators (22%).[@R8]

In the current study, potentially preventable MSI most commonly affected the shoulder and thoracic spine (each 22% of preventable MSI). This is in partial agreement with findings among USASOC Operators, where preventable MSI most commonly affected the shoulder and knee (each 25%).[@R10] The knee (15%) was the third most common sublocation for preventable MSI in the current study. AFSOC ST Operators have specific job demands, including prolonged exposure to vibration on aircraft, that could explain the frequency of preventable MSI at the spine. A high occurrence of lower back injuries also were reported among SWCC Operators[@R30] who are exposed to turbulence and vibration on boats. The risk factors for these MSI requires further study. The distinct pattern of MSI among AFSOC ST Operators provides evidence for injury prevention programmatic needs for this Special Operations group.

MSI causes and activities during MSI {#s4-3}
------------------------------------

The most frequent cause of MSI in the current study was lifting (22%) and the most common activity associated with MSI was PT (38%). Injuries during PT have been described extensively among recruits.[@R2] Few studies among active duty Special Operations Forces have described MSI cause or activity during onset of MSI. Our previous research with NSW personnel showed that a large percent of injuries occurred during PT/TT among NSW SEAL Operators (PT: 28%, TT 11%), SQT students (68%, 10%), SWCC Operators (35%, 17%) and CQT students (39%, 12%).[@R8] PT previously has been identified as an important cause of MSI among other military personnel, as well.[@R1] This could indicate a need for modification or education on PT techniques.

In the current study, lifting was the most frequent cause of injury among AFSOC ST Operators. This finding is in agreement with research among NSW personnel, where lifting was the most common cause of injury among NSW SEAL (14%) and SWCC Operators (17%).[@R8] Continued focus on the utilisation of proper lifting and training techniques in this population may reduce injury risk during PT as well as during job-relevant tasks by improving ergonomics.

MSI types {#s4-4}
---------

Pain/spasm/ache, without further elucidation of pathology, was overwhelmingly the most common injury type (45%) in the current study, followed by sprain, strain and tendonitis/tenosynovitis/tendinopathy (each 12%). In Air Force personnel, sprains and strains (53%) have been identified as the most frequent types of non-battle injuries during deployment,[@R24] while inflammation and pain (60%) followed by sprains, strains and ruptures (31%) were most common in trainees.[@R19] Previous research with NSW personnel found pain/spasm/ache was the most common injury type in Operators (NSW SEAL Operators: 30% of MSI, and SWCC Operators: 22%), while tendonitis/tenosynovitis/tendinopathy (21%) was most common in SQT students and tendonitis/tenosynovitis/tendinopathy and fracture (each 15%) among CQT students.[@R8] Among USASOC Operators, the most common injury types was sprain (23%).[@R10]

The differences in MSI types between these studies are probably due to differences in physical and occupational demands between various groups of military personnel (ie, lifting among AFSOC ST Operators, exposure to vibration among SWCC Operators) and differences in sources of data (ie, various databases, International Classification of Diseases coded MSI data). Despite variation in MSI types among different studies, in general, relatively minor MSI (ie, pain/spasm/ache, strain, sprain) were frequent. Injury prevention programme specifically designed for these MSI types could reduce risk.

Financial cost of MSI {#s4-5}
---------------------

The cost of MSI that occurred among 130 AFSOC ST Operators during a 1-year period was estimated to be around US\$1.2 million in 2018, with a considerable amount (US\$440 000) due to MSI that were potentially preventable. During an 2-year period, injuries sustained by Air Force trainees in a study by Nye *et al* resulted in more than US\$43.7 million per year in medical and non-medical costs.[@R19] Nye and de la Motte recommended that a 10% decrease in medical attrition of training pipeline students could create over US\$2.5 million annually in savings.[@R32] Further research is needed to examine costs of MSI for operational units like AFSOC ST. Culturally, specific injury prevention programme may reduce injury risk, which, in turn, would result in a reduction in both direct and indirect medical costs.

Study limitations {#s4-6}
-----------------

Medical records were used as the source of MSI data in the current study. Medical record review may underestimate the true incidence of MSI if medical care was not sought, which is known to be common among military personnel.[@R31] Estimation of direct and indirect financial cost of MSI does not include the cost of training a replacement for highly trained military personnel (such as AFSOC ST Operators), which has been estimated to exceed US\$1 000 000.[@R16] AFSOC ST Operators are a highly specialised Special Operations group; therefore the results of this study may not be generalisable to other military personnel.

Conclusion {#s5}
==========

The results of this descriptive epidemiology study of MSI among AFSOC ST Operators highlight several interesting areas of concern. MSI were an important cause of morbidity in this sample of Operators. MSI incidence calculated in this study was higher than that reported in previous research in active duty Special Operations Forces Operators, identifying AFSOC ST Operators as a high-risk group for MSI. There is a need to develop a customised injury prevention programme to reduce the frequency of MSI in this population, especially to address injuries to the lower extremities and shoulder, that occur during PT/TT. The lifetime costs of MSI, among 130 Operators across a 1-year span, was calculated to be approximately US\$1.2 million, providing a financial rationale for identifying and mitigating the specific causes of these MSI. Training is easily modifiable and has been consistently reported as a high-risk activity for Special Operations Forces Operators. Therefore, future research should also focus on identifying the modifiable components of AFSOC ST Operators' training that precipitate MSI.
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